Myocardial electrolyte balance and lactate metabolism were studied in 30 patients before, during, and after a period of atrial pacing utilizing a continuous automated sampling technic with simultaneous electrocardiographic and hemodynamic observations. Eight patients with coronary artery disease who had no symptoms during pacing and four normal subjects demonstrated myocardial potassium loss but no abnormalities in lactate metabolism, the electrocardiogram, and hemodynamics during pacing. Myocardial potassium loss was correlated with increments in heart rate and was followed by potassium uptake during the post-pacing period. Eighteen subjects developed angina during pacing associated with hemodynamic and electrocardiographic abnormalities. This ischemic group showed significantly greater myocardial potassium loss during pacing than the non-ischemic group, and this was closely associated with myocardial lactate production at a ratio of 1 mEq of potassium being lost for each 2 millimoles of lactate produced. 
IN THE experimental animal, potassium is lost from the heart during an increase in heart rate'-8 and as a result of disturbances in coronary flow. [9] [10] [11] [12] [13] [14] 20 beats/min greater than that coincident with the onset of pain during exercise. '7 18 Three hundred milliliters of venous blood were withdrawn slowly into a bag containing acid-citratedextrose solution for reinfusion during the study.
The patients were studied the following day in the fasting state without premedication. Under local anesthesia the brachial artery and three veins were isolated in the right antecubital fossa. A no. 9 double-lumen Cournand catheter was positioned in the right heart so that the tip lay in the pulmonary artery and the proximal lumen in the right ventricle. A no. 8 Goodale-Lubin catheter modified by the incorporation of bipolar electrodes'8 was passed into the midportion of the coronary sinus and the tip of a no. 6 Cournand catheter was positioned in the axillary vein for infusion of blood. A no. 8 Sones catheter was introduced into the left ventricle from the right brachial artery, and a short Teflon catheter was inserted through the arteriotomy into the distal brachial artery for sampling. The left brachial artery was cannulated with a Teflon catheter using the Seldinger technic. Blood was continuously withdrawn from the coronary sinus and brachial artery using an automated sampling technic'9 throughout a 10-min control period, a 10-min period of atrial pacing,* and a 10-min recovery period. The blood was delivered into tubes placed in a fraction collector set to change position each minute and so each tube contained an integrated sample collected over a 1-min .._1 The correlation between the per cent increase in heart rate (HR) and the change in mean arterial-coronary sinus potassium difference in the control and the pacing periods (p-c) in the non-ischemic group.
ing 0.8 mm. fig. 9 ). The average arterial-coronary sinus pH difference in the ischemic group increased from 0.033 during the control period to 0.060 pH units during pacing (P 0.005). This increased acidity of coronary sinus blood was also positively correlated with myocardial potassium loss (r = 0.86; fig. 9 ).
Cardiac index did not change with pacing. This figure summarizes the mean potassium arteriovenous difference during the control (C), pacing (P), and recovery (R) periods in the two groups of patients. The arteriovenous diference during pacing in the ischemic group was significantly greater than in the non-ischemic group. The differences during the control and the recovery phases were not significant.
Discussion
These studies show that potassium is lost by the heart during tachycardia induced by atrial pacing in man. This loss appears abruptly after an increase in heart rate and decreases progressively during the period of tachycardia. We are unable to establish the magnitude of this potassium loss because there are no flow measurements, but the loss is even greater than shown by the arterial-coronary sinus difference, since coronary flow increases by 12 The correlation between myocardial potassium arteriovenous difference and the arteriovenous difference for lactate and pH during the late portion of the pacing period.
pacing-induced tachycardia in subjects without myocardial ischemia. Hajdu1 postulated that shortening of the diastolic interval during tachycardia decreases the time available for potassium reentry into the cell. The fact that greater increments of heart rate are associated with larger potassium losses23 supports this contention. However, this mechanism does not account for the fact that potassium loss is not sustained during prolonged increases in heart rate in the dog heart24 or in the non-ischemic patients reported here. Potassium loss accompanies paired pacing,25 and it has been shown that this effect is related to the increased frequency of depolarization and is independent of the frequency of contraction.24 Whatever the mechanism of potassium loss during tachycardia, the abrupt uptake of potassium with the return to a normal rate is of considerable interest. This prompt uptake also occurred in the ischemic group following cessation of pacing. This rapid restoration of potassium loss insures an early return to a normal intracellular concentration of potassium. Myocardial potassium loss has also been demonstrated during other hemodynamic interventions such as increases in preload26 and afterload. 5, 26 The greater and more sustained increase of potassium levels in coronary sinus blood in the ischemic group than in the non-ischemic patients suggests that myocardial ischemia leads to potassium loss in addition to that due to an increase in heart rate. The possibility that anoxic red blood cells might contribute to the high coronary sinus concentration of potassium should be ruled out. This factor was measured in experimental ischemia13 and was found not to be of significance. fig. 9 ). This is greater than the 0.5 ratio found by Case and Potassium loss during ischemia has been related to the development of ventricular arrhythmias in dogs.11 14 Although the magnitude of the potassium loss in our study appears small, the focal nature of the coronary disease would lead to greater regional losses, and with prolonged ischemia it is probable that potassium loss will continue and that this will render the heart susceptible to serious arrhythmias. 
